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fiS Process for the polymerization of fluorinated monomers in aqueous dispersion. 

(57 A process io r polymerizing or copolymenzmc fluorinated 
monomers, tn an aaueous dispersion, by me use oi raoica, 
staners and of flwormateo surractants. characterized by work- 
ing in the oresence of a perftuoroooiyetne" having neutral end 
groups, oeing liquid unaer the polymerization conditions and in 
:ne form of an aqueous emulsion, in order to increase the po- 
lymerization rate 
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PROCESS FOR THE POLYMERIZATION OF FLUORINATED MONOMERS IN 
AQUEOUS DISPERSION 

The present invention relates to a process for poly- 
merizing or copolymeriz ing fluorinated monomers, in an aqueous 
dispersion, in the presence of radical starters, which process 
is characterized in particular by a polymerization rate much 
higher than that attainable in conventional processes under 
analogous working conditions . 

As is well-known, the fluoroclefins each have a diffe- 
rent reactivity in the polymerization processes, some of them 
having a very low or no reactivity when compared with terra- 
flucr : e z r.yler.-- T?L . reference can be mace in this connection 
fcr ex am::. _ e C-F 

Some : erf 1 uor :\-i:vy 1 etners also exhibit a very low 
reac ::vi:y in p i lymer i z a 1 1 :r. as compare: with ether fluero- 
ole^ins. : r narrirular ~FE. 

T:\i: ■ :en?v ■:. ? .:r l---?:s ~: *. r.e fa.v. tha:. in order : o 
prepare copolymers from : r-monomers having a very cifferen: 
reactivity from one another, it is necessary to operate with 
a high concentration of tne less reactive monomer and, there- 
fore, t c operate at a very nigh partial pressure of said comonomer 

For example, when the thermoplastic copolymer C p F^- 
C^Fg ( FEF } with 5 to 25" by weight of C^F^ is to be prepared, 
it is necessary to operate with a high concentration of C^Fg 
in the gas phase corresponding to a total pressure of the 
monomers from 35 to 40 kg/cm 2 abs . (cf. US-A-3 132 124). 

There was the requirement to increase the polymeriza- 
tion rate for the low reactive monomers in order to avoid 
having to operate at very high pressures and in order to shorten, 
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at the same time, the polymerization times. 

It has now surprisingly been found that the polymeriza- 
tion or copolymerization of fluorinated monomers in an aqueous 
dispersion (in particular in an emulsion), by using radical 
starters and of fluorinated surfactants is considerably acce- 
lerated if one works in the presence of a perf luoropclyether which 
has neutral (inert) end groups is liquid under polymerization 
conditions, exhibits a viscosity of at least 1 cSt at 2?*C 
and is in the form of an aqueous emulsion. Any perf luoropcly- 
ether consisting of sequences of perf luoro-oxyaiky iene units 
and having the above-mentioned characteristics tan be advan- 
tageously utilized. 

The mean molecular weights of the per f luotcpo-ve t ners 
can vary over a wide range, from ; CO up to very high values, 
provided the cited conditions are obtained. In general, values 
up to 15 000 or 20 000 or ever, higher are suitable. 

In the process of the invention, however, it is pre- 
ferable to use perf lucrcpolye ther s having a molecular weight of 
from 300 to 2 000, with a boiling range between 150 and 250 C 
and, preferably, between 170 and 200° C, as in the subsequent 
polymer finishing treatments these are supposed to be easier 
to remove because of their volatility. 

Suitable perf luoropolyethers are, for example, those 
of the following classes: 
1) R f O(CF-CF 2 0) n (CFO) m (CF 2 0) p R' f 



CF 3 CF 3 



with a random distribution of the pe r f 1 u o r o - o xy a 1 ky 1 e n e 
units, where'R f and R' f , like or different from each 
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other, are -CF^, ~C 2 F_, " C 3 F 7 and m , n ' P haV6 such 
mean values as to meet the abovesaid required character- 
istics of mean molecular weight, viscosity, etc. 

R f 0(CF CF_0) (CF 0) R' 
t 2 2 n 2 m f 

with a random distribution of the p e r f 1 u o r o - o xy a 1 ky 1 e n e 
units, where R r and R 1 . , either like or different from 

T T 

each other, are - C F ^ or ~ 2 - r ^ and m and n have such 

mean values as to meet the abovesaid requirements. 

R r 0(CF 9 CF 0) (CF 0) /CFo\ /cF-CF^ o\ R ' p 

- 2 2 n 2 m/ i \p / , £ \ c f 

w "i t n a rancor distribution or the perf 1 uoro-oxyal kyl ene 

units, wnere R s and R ' . , either like or different from 

each other, are - C F „ . - C „ F , or - C F _ , and m , n , p, q 

J ^ d 3 7' 

nave such mean values as to meet the abovesaid require- 
ments. 

\ 

R 0 / 



: . 0 / CF -CF ^0 \ ?: 1 c 

t / I 2 ) n f 



\ C r ^ / 

\ - / 

where R . or R ' , either like or different from each 

ether, are - C _ F ^ or -C.F-tand n has such a value as to 
2d 3 7 

meet the abovesaid requirements. 
R f 0(CF 2 CF 2 0) n R' f 

where R f and R' like or different from each other, are 

" C F ^ , ~ ^ 2 ^ 5 ' anC ^ n haS 5UC ^ a mean value as to meet the 
abovesaid requirements. 
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R f O(CF 2 CF 2 CF 2 0) n R' f , 
where R r and R' r equal t< 
are -CF. or -CgF- or -C^F 
as to meet the above-said 




O 



or different from each other, 
n having such a mean value 
requirements . 




and 



f C7„ H _ 



\ 

\ 



0 



f 



CF ^ 



/. n 



where R_ is F or perf luoroalky 1 , R ar.c ?._ 2 eitr.er 
like or different: from each other are perf luoroalky- , 
and n has such mean values as :o meet the abovesaid 

characteristics. 

Perfluoropolyethers of class 1) are commercially available 



under the trademark Fomblin ®Y or Galden the ones oi 

class 2) under the trademark Fomblin ® Z, all of them being 
manufactured by Montedison S.p.A. 

Commercially available products of class 4) are the Krytox 
(Du Pont) products. Those of class 5) are described in US- 
A-4 523 039. Those of class 6) are described in EP-A-148 482 
to Daikin. Those of class 7) are described in PCT application 
WO87/00538 (Lagow). 
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The products of class 3) are prepared according to 

US-A-3 665 041. 

Other suitable per fluoropolye thers are the ones described 
by Lagow et al . in US-A-4 523 039 or in J . Am. Chem . Soc . 1985 , 
107, 1197-1201 . 

The mechanism of action of said perf 1 uoropolyethers 
is not yet clear. However, the effect of their presence in the 
aqueous dispersion could be ascribed to the fact that they subs- 
tantially promote the nucleaticn and thereby substantially raise 
the n u ~ b e r of sites which are active in the [ c 0 ) p 0 1 y m e r i z a t i 0 n 
in e c u e c u s dispersion of f 1 u 0 r i n e t e c monomers. 

Furthe-r.cre, it car be a s s u m e d that perfluoropcly- 
e 1 h e r increases the solusi li;y of the monomers, s c facilitating 
in? 1 ' c r: s f t r thereof to the ~ e a c t i 0 r. site. 

T hi e p e r f 1 u c - c p c 1 y e t h e r amount to be usee in the pro- 
cess of the invention is very low. Already with an amount of 
the order of 0.1 ml per liter of starting aqueous solution it 
is possible to obtain good results. The .preferred amount is of 
the order of 0.2-4 ml per liter of aqueous solution. 

It was known that in the polymerization in aqueous 
dispersion of fluorinated olefins the addition of fluorinated 

or chlorofluorir.ated hydrocarbons increases the polymerization 
rate . 

Examples of these compounds are : 
Ct, 2 F 2» CC1 3 F, CC1 2 F-CC1F 2 and in general the products which 
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are commercially known as Freon (see, e.g., US-A-3 635 926). 

In consideration of their high volatility, such com- 
pounds are to be utilized in considerable amounts in order to 
guarantee their presence in the aqueous phase. 

Moreover, their high volatility (i.e.. high vapor 
pressure) causes a reduction in the partial pressure of the 
(co)mcnomers, at a given total pressure. 

Their presence in the gaseous monomer's leads to con- 
siderable complications as regarcs the recovery of tne monomers 
at the end of the polymerization. 

In addition, these f 1 u c r o ( c h 1 o r c ) hy c - c c a r d o n s can 
h a v e undesired chain-transfer effects, giving rise to (co- 
polymers having a too low molecular weight. 

The above-mentioned drawbacks do not occur with tne 
perf 1 uoropolyethers of the invention, which have a much lower 
volatility, do never cause chain-transfer phenomena and are 
utilized in a considerably lower amount than the one required 
with the abovesaid chlorof 1 uori nated hydrocarbons. 

Furthermore, under the same conditions, the increase 
in the polymerization rate is by far higher. 

As radical starters it is possible to use any type 
which is known for the polymerization in aqueous dispersion of 
the fluorinated monomers. 

Peroxidized compounds in general, both inorganic and 
organic, are suitable: among the former there are particularly 
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suitable the potassium or ammonium persul phates . As organic per- 
oxides there are suitable the water-soluble ones, such as d i - 
succinyl peroxide, as well as the water-insoluble ones (see e.g. 
EP-A-75 312). it is possible also to use the known radi cal i c s car- 
ters of the type of the azo compounds, such as, e.g., the 
ones describee L r. L S - A - _ ?• 1 5 o 2 8 snc - ~ - ^ 3 J 1 o • - - - - ~ 
desired :c operate at low polymerization temperatures (for ex- 
ample from 10 to 5C°C), a redox-type starter can be utilized. 

Tne raciccl starter amount is like- the one which is 
LS'Jcilv employee ir the polymer i z at i or, cf f 1 u c - o c 1 e f i r. s : it 
ranees f rcrr. 0.002 to 2% oy we^cnt referred to the total amount 
of z o 1 y t. e r i z e c ~i o r. o m e r s . 

"T r. e - a c p a • s:r;e r or o o t o n a 1 y the components or 
tne r e c o x s y s t e r. car, o r a 1 : i r. t r o c u z e c into tne reactor at the 
becinn-.nc, or they can pe acoec batchwise during the polymeriz- 
ation. 

Suitable surfactants are the ones which are known for 
this type of polymerization, which consist of perf 1 uor i nated 
compounds, in particular those having 6 to 11 carbon atoms, of 
the class of the carboxylic or sulphonic acids. 

Further suitable surfactants are those of the class 
of the perf 1 uoropolyethers having an acid end group. 

The latter class of surfactants offers the advantage 
that during the subsequent processing, at high temperatures, o 
the obtained polymer (extrusion or injection molding or sinter 
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ing treatments), the surfactants of this type do not give rise 
to any coloring of the polymer, as conversely occurs with the 
usual surfactants, such as ammonium perf 1 uoro-octanoate , which 
require a subsequent whitening of the polymer. 

Perf 1 uoropolyether must be introduced into the aque- 
ous phase at the begin of polymerization ana in such way as to 
cause it to be finely dispersed in water. An advantageous oper- 
ative method comprises dispersing the perf 1 uoropolyether in 
water under an intense mechanical agitation, with subsequent ad- 
dition of the surfactant in order to stabilize the aqueous cis- 
persion. This method permits to avcic an intense stirring ■ n 
the presence of surfactants, so preventing the generation or a 
great amount of foam. Then the other ^ng-edients (monomers, 
starters, molecular weight modifiers, if any) are introduced 
into the aqueous dispersion. 

The polymerization process in aqueous dispersion of 

the present invention is advantageously utilizable also in the 
preparation of copolymers of of the following classes : 

- polytetraf 1 uoroethy 1 ene of the "modified" type, i.e. cont- 
aining little amounts, lower than 0.5% by mols, of one or 
more comonomers such as for example: perf 1 uoropropene , per- 
fl uoroal kyl -perf 1 uorovi nyl ethers , vinylidene fluoride, hexa- 
fluoroisobutene; 

- thermoplastic copolymers comprising the copolymers contain- 
ing up to 301 by weight, preferably from 7 to 271 by weight 
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of C F (type FEP of DuPont), the ones containing from 2 to 
3 6 

41 by weight of perfl uoroal kyl perfl uorovi nyl ethers (type 
PFA), the ones containing a high amount of plus a third 

comonomer of the fluorinated type (such as Tefzel of DuPont, 
H a 1 o n E T of Allied); 

elastomer 1c copolymers containing from 2 OX to 5 0% by mc : s or 
perfl ucroal kyl perfl uorovi nyl ether (or of perf 1 uorooxy a 1 ky 1 - 
-perfluorovi nyl ether) and a cure site monomer, for example 



el as t orders 
■or. om-r r s . 



oerflu^roal-ylvinylethers . TrZ and cure 



-ther case in which the polymerization process 



_ .-. ^ • . c • ' - ~ : " i z s g thcrs c sr. o e ci tsc ; 

_ „ . . i — , a _ r: ■-- - " - =:'-v'ene -. tvoe H a i. a r ,• . 

he cnermcp.as, — .• ■ - - • - - 
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c the inventior. offers parti- 



- ---p -ares in the -reparation of thermoplastic copolymer 



C - f C F , Hereinafter referred to 
2' 4' 3 5 



as FEP. This type of copo- 
lymer, which is broadly known, has a content of usually 
varying from 7% to 27% by weight. 

The percentage of can be determined in the copo- 

lymer on the basis of the ratio between the absorbances (herein 
after referred to as specific absorbance ratio) of the two l.R. 
bands at 983 and 2353 cm' 1 . To obtain the abovesaid C^F, per- 
centages in the copolymer, in view of the very low polymeriz- 
ation reactivity of in comparison with C^, the percent- 
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aae of C^F in the monomer mixture to be subjected to polymer- 
3 6 

ization must be high, practically from 301 to 905 by mols. 

US- A- 3 132 124 describes in detail an optimized 

procedure for copolymerizing C^r ^ with C ^ Fg in an aqueous 
dispersion. According to such procedure, the copo 1 yme r i 2 at i on 
reaction is preferably conducted at a pressure of the gaseous 
mixture of reacting monomers ranging from 29 to 41 a t m . and at 
a temperature from 90 to 120°C. The composition of the react- 
ing mixture necessary to obtain a copolymer having a specific 
absorbance ratio cf 3.5 (corresponding tc a maximum in the peak 
of the second melting endotherm Geterr7.ir.ec by DSC of a 0 c u t 
267°C) ranges from 70 to 7 8 S by weight of - 3 F 6 • Under these 
polymerization conditions, the reaction gaseous mixture has a 
density of 0.20-0.25 g/ml. 

It has been ascertained that at such a high density 

of the vapour phase, the substance transfer between the gas phase 
and the aqueous dispersion becomes highly depending on the mix- 
ture composition. In particular, with the high percentages of 

C F in the gaseous mixture, which are necessaty in order to ob- 
3 6 

tain copolymers having the desired composition, the substance 
transfer becomes very difficult. It is possible to overcome this 
drawback by means of an intense stirring: such intense sitrring, 
however, is accompanied by the risk of causing a too early co- 
agulation of the aqueous emulsion of the copolymer already formed 
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The use of liquid c h 1 or of 1 uo r o hy droc ar bo n s with a view 
to increasing the rate of polymerization in aqueous emulsion in 
the case of the C ^F^ /C - 0 - C ^ copolymer is described in the 
above-cited T J S - A - 3 635 926. The use of the compounds indi- 
cated in this parent leads to serious drawbacks, as already men- 
tioned. 

The use of per; i uoropol vethers according to the pres- 
ent invention permits tc carry out the copolymer! :ati on of C F / 
1 _ F ^ at a tctal c^essure of or. 1 v 2Z atm , thereby oDtaininc. with 

0 0 

reaction, tir.es ::' 51-50 minutes, aqueous dispersion containing 
rr. o - e t u , a n 2 2* b y w e i c h t of cere 1 y m e r . 

A f u r t n £ r ac vantage c e r i v i n g fror, the use of the p e r - 
' j o - j : : ' \ e t n e r s : s t r. e '. r. c r e = s e c utilisation degree of t h e c o - 
monomers, so that t r. e cor. cnorrer amount to D e recovered and re- 
cycled is c o n s i c e - a b 1 y lower*. Mere 1 \ by way c f example, US-A- 
; 132 11- teaches tnat the amount of HF? in the gaseous reac- 
tion mixture which is usually required to obtain the 
TF Z/HF ? copolymers having a specific absor Dance ratio equal to 
3,5 ranges from 60 to 70% by mo Is if it is operated at 95 ° C and 

at 39-41 atm. The addition of little amounts of a perfluoropoly- 
ether according to the invention permits to obtain a TFE/HFP co- 
polymer having the same specific absorbance ratio by operating 
at 20 atm. and with a reaction mixture containing a HFP amount 
varying from 55 to 65% by mols. The possibility of operating at 
considerably lower pressures than the ones indicated for the pre- 
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paration in aqueous dispersion of TFE/HF? copolymers and with 
gaseous mixtures containing lower amounts of HP P sensibly red- 
uces the density of the gaseous reaction mixtures. In particular, 
it is possible to operate under such conditions, in which the 
gaseous reaction mixture has a density lower than 0.10 g/ml. In 
this way, the substance transfer between the gas phase and the 
reacting aqueous dispersion is greatly favours:. 

The following examples are given merely to illustrate 
some of the possible practical emoodiments of the process ac- 
cording to the invention. 

The following methocs of analysis and of character- 
ization have been adopted in order to determine the properties 
of the polymeric materials obtained in the examples. 

a) The melting starting temperature, the melting peak temperature 
and the melting end temperature were determined by differen- 
tial calorimetry using a P e r k i n - L 1 me r instrument type DSC IV. 
About 10 g of copolymer are heated from room temperature up 
to 350°C at a heating rate of 10°C/minute. 

The polymer is cooled to room temperature at a rate of 10°C/ 
minute and heated again to 350°C at the same heating rate. 
The temperature corresponding to the maximum of the melting 
endotherm is hereinafter referred to as second melting peak. 

b) The HFP content of the polymer is determined by FT I R spectros- 
copy by means of a Nicolet instrument, mod, 20SXB on a thin 
film of 0.05 mm + 0.01 mm, obtained by extrusion at 340°C. 
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The ratio between the absorbance of the characteristic band 
of HFP at 983 cm" 1 and the absorbance of the check band at 
2353 cm~* is indicated hereinafter as specific absorbance 
ratio. The % by weight content of HFP is calculated through 
suitable calibration obtained on the basis of a different 
mas s balance . 

To determine the viscosity of the melt or the melt flow index 
( Mr I ) there is used the apparatus described in ASTM method 
D-1238-65T, the cylinder, the piston and the outlet nozzle, 
however, being manufactured from a corrosion-proof material. 
The inside di am e t e r of the outlet nozzle, which 1 s 8 mm icr.g . 
is 2 . C 0 r r rom . The d i am eter of the cylinder is equal to 
0.93 cm. A certain amount of polymer is molten in the cylin- 
der and is maintained at 3 72 "C for about V" minutes. The 
molten polymer is then ex t r udec through the nozzle in 10 
minutes. To obtain the apparent viscosity of tne molten 
polymer, expressed in Poise, it is sufficient to divide 
33 300 by the MPI value. 

The volatility index (Y.I.) is determined by weighing ID g 
of resin on an aluminium sheet, which is placed into a glass 
flask conncted with a vacuum system. Vacuum (2 mm Hg) is 
created in the flask and, once the equilibrium has been reach 
ed, the flask is heated to 380°C. The pressure in the flask 
is recorded in the time. The volatility index is calculated 
through the following formula : 

«%o" V v 

V.I. = ■ 

10 
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e 



where P Q and P 4Q is the pressure in the flask at .time 0 and 
after 40 minutes, respectively, and V is the volume of the 
flask. The volume of the flask is equal to 121 + 0.2 cm . 
) The mean diameter of the particles is measured by means of a 
Coulter nano sizer by laser light diffusion. A latex sample 
is dilutee from « to 1 00 and filtered on a 1.0 micron Mi 111- 
Pore filter. Six measures are tjr-ie-. out, tne minimum anc 
maximum values are G.sccrdei 

values so f c :nd is considered as tne value of the panicles' 



, _ .. _ . _ ...or:c-:e w" :r the cr.es 

near. 



'o'jnc t n r o u c r t r a n $ rr. *. s s o n e ; e z t r c r. :.. : - 0 j - ~ ^ 



a r. e x t r *j ce 



f ; The polymeric res:n -is extrutrc, ry -ears c* 

Bracerce- ? :asti::^ ? L 551, c y ; : r j r i c a pes 

2.5 jrrr: o'aneter arc 1.5-3 nr t r. i c k r. e s . 

The colour of the extruded granules is determinec by project- 
ing white light through the sample, causing the reflected 
light to pass through a set of filters and measuring at last 
the intensity thereof. A high percentage of reflected green 
light is indicative of a high whiteness. The utilized color- 
imeter is a Gardner XL10A apparatus. 
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Example 1 

8 ml of Galcien LS-215 (average molecular weight 600, b.p. 
2I5°C) were added to 250 ml of distilled H 2 0. The suspension 

Cr) 

was stirred for 5 minutes by means of an Ultraturra ^ stirrer, 
mod. T65 (10,000 rpm) manufactured by 1KA Werke . There was added 
an aqueous solution containing A g of 

Cr 0-tCF-CF -0) -C00NH 
3 j 2 n 4 

having an acidimetric equivalent molecular weight e o u a 1 to 590. 
The resulting e m u 1 s i c n wa s further homcgeni zed for 5 it. i n uT.es , 
whereafter is was charged into an A ; 5 1 316 steel autoclave, hav- 
ing a 4.2 1 volume, wherein vacuuir, was previously created. D * s - 
tillec water wa: co:e: up tc a total volume of Z,G0C rr, 1 . The 
temperature in the autoclave was brought to 9 5 ° C ; it was pres- 
surized to 20 k g / c m L gauge with a gaseous mixture containing 62% 
by mols of C_F. and 28% by mols of C F 62 ml of an aqueous 
solution preparec by dissolving 0.73 c of (NH^J^S^gcnc! ° * ^ 5 ° * 

K S 0 in 500 ml of HO were then charged into the autoclave. As 
2 2 8 2 

soon as the pressure in the autoclave tends to sink, it is res- 
tored by feeding, through a compressor, a C 3 F ? Z ^ 4 fixture 



• ' . : • 0247373 

- 16 - 

containing 7.6% by mols of hexaf 1 uor oprene . After 15 minutes, th 
abovecited persulphate solution was fed at a rate of 38 ml/h. 
Stirring was continued for 65 minutes in the reactor. At the end 
of such period of 65 minutes, stirring was stopped and the re- 
actor content was discharged. 

An aqueous dispersion containing 220 g/1 of a polymer- 

res* n was ocuinec, 

The aqueous g i s ? e r s i c r, was c o a : u 1 2 t e c d y means or 

stirring and was filtered, the solid product was repeatedly 

washed with disfV.ec water and crier in 5 ventilatec oven at 

2 0 C ° C . The ? r c c u c t hac a s c e c J r i c viscosity i n z h e molten form 

equal to 1 .052 x 10° poises, M.T.I. (melt flew index) == C.5 g/ 

10 minutes, ano exhibited a seconc m e 1 t i r, : oeak at 2 5^.9 ° C . 

The oowce- ootainec was extrucec in a Braoence- si ng 1 e-sc-ew ex 

: r u c e r : perfectly white and regular granules w e - e c b t a • n e c . 

product cid not require any further stabilizing- and whitening 

equal to 

treatments. The t hermo vc 1 a t i 1 i ty index was . 60 and the white- 
ness was equal to 71. 
Example 2 

It was operated as in example 1, but using 2 ml of 
Galden LS. After a 70-minute reaction, stirring was stopped, T 
was vented out, and the latex was discharged. An aqueous dis- 
persion containing 210 g/ of a polymeric resin was obtained. 
The mean diameter of the particles, determined by laser light 
diffusion, was equal to 0.104 ^um. 
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The powder obtained by coagulation had a specific vis- 

6 

cosity in the molten state equal to 3.45 x 10 poises, and a 

second melting peak at 267 . 3 °C. The polymer extruded in 

the form of granules was white and the volatility index was 
equal to 58 . 

Example 3 

It was operated as in example 1, using, as a surfact- 
ant, the potass ic salt of the perf luoro-octansulphonic acid 
(Fluorad FC 95 of 3 M ) in an amount equal to 1 g / 1 . After 5 5 min- 
utes the reaction was stopped and an aqueous dispersion contain- 
ing 261 g/1 of polymer was obtained. The coagulated powder had 
a M . F . I . of 0.41 (corresponding to a specific viscosity in t n e 
molten state of 1.30 x 10 6 poises), a second melting peak at 

2 5 7. 2 ° C and a specific absorbance ratio of 3,6. 
Example 4 

It was operated as in example 1, using as a surfactant 
the ammonium salt of the perfluoro-octanoic acid {3 g/1)- After 
60 minutes the reaction was stopped. An - aqueous dispersion cont- 
aining 240 g/1 of polymer was obtained. The coagulated powder 
exhibited a K.F.I, of 0.31 g/10 minutes, a specific viscosity in 
the molten state of 1.71xl0 6 , a specific absorbance. ratio of 
3.5 and a second melting peak at 267.1 °C. 
Example 5 

It was operated as in example 1, using Galden D02 (average m.w. 
450, b.p. I75°C) (4 ml/1). After 80 minutes the reaction was stopped. A latex 
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containing 265 g/1 of polymeric resin was obtained. The coagulat 
ed powder had a M.F.I, of 0.87, a second melting peak at 255.3 ° 
and a specific absorbance ratio of 3.5. The extruded granules 
had a volatility index equal to 45. 
Example 6 (comparative test) 

It was operated as in example 1, but without adding 
p e r f 1 u o r o p o 1 y e t n e r . After SO minutes tne reaction was s : o ope-:. 
A latex was discharged, which had a mean c i 3 m e t e r of the part- 
icles equal to 0.114^um and a polymeric resin content of 1 1 0 g/1 
' h e coagulated powder- h a c a M . r . : . e c u a 1 to 1 4 . 5 - , a scecif ic a b 
sorbs nee ratio of 5.4 and a s e c c n c melting p e a < at 2 7 C z C . 
Example 7 

It was operated as in example 1 , ado* n c 0.2 a t m . or 
H - f t e r 5 0 minutes the reaction was stopped. 0 o t a i n e c was a 
latex having a mean diameter of the particles ecual to 0 . 0 7 2 j u m 
and a polymeric resin content of 225 g/1. The coagulated powder 
had a M.F.I, equal t c 0.66, a specific abscrbance ratio of 2.5 
and a second melting peak at 267. 5° C. 
Example 8 

It was operated as in example 7, adding 0.6 atm. of H 
After 73 minutes the reaction was stopped. The latex obtained 
had a mean diameter of the particles equal to 0.077 ^um and a 
polymeric resin content of 230 g/1. The coagulated powder had a 
M.F.I, of 1.0, a specific absorbance ratio of 3.5 and a second 
melting peak at 264. 5°C. 
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Example 9 

It was operated as in example 1, adding 1.2 a tin. of H 2 - 
After 80 minutes the reaction was stopped. A latex was obtained, 
which had a mean diameter of the particles equal to 0.080/Um and 

a polymeric resin content of 220 g/1. The coagulated powder had 

a M.F.I, of 2.25. 

Example 10 

It was operated as in example 1, adding 0.3 atm. of 
CF ? H-CH^. After 80 minutes tne reaction was stepped. A latex was 
obtained, which contained 230 g/1 of polymeric resin and exhipit- 
ed a mean diameter of the particles equal to C.082,um. The co- 
agulated powder had a K.F.I, of 1.89 and a secend melting peak 
at 264 C C . 

Example 11 (comparative test) 

It was operated as in example 1, adding 4 ml of Freon 
113 instead of perf 1 uoropol yether . After 105 minutes the reaction 
was stopped. A latex was discharged, which had a mean diameter of 
the particles of 0.11/Um and a polymeric resin content of 183 
g/1. The coagulated powder had a M.F.I, equal to 1.74, a specific 

absorbance ratio of 3.6 and a second melting peak at 264°C 

The extruded and granulated powder had a V.I. equal to 72. 
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Claims 

A process for polymerizing or copolymer i zi ng f luorinated 
monomers, in an aqueous dispersion, by using radical 
starters and fluorinated surfactants, characterized 

by working in the presence of perf luoropolye thers 
having neutral end groups in an aqueous emulsion, said per - 
fluo^opoly ethe r 5 being liquid under the p o 1 y m e r i z a t " o n 
conditions and having a mean mc i ec: • ar weight no: lower 
than 300 an. a viscosity of at least 1 c S t at 2 5 c C , the 
p e r f 1 u c r c p c 1 y e t h e r amount o e i n g net lever- t h a n j . 1 ml p e r 
liter of starting aqueous solution. 

The process according to claim 1 , wherein the pe^flucr:- 
o c 1 y e t h e r is selected from the following classes : 
,i S f C(CF-CF 2 q n (CFO) m (CF 2 0! p ll' f 

having a random distribution of the perf luorooxyal ky 1 ene 
units, where R f and R ' f , either equal to or different 

from each other, are -CF , ~ C 2* F 5' ~ C 3 F 7' and m 1 P 
have such mean values as to comply with the abovesaid 
characteristics of mean molecular weight, viscosity, etc 
2) R f O(CF 2 CF 2 0) n (CF 2 0) m R' f 

having a random distribution of the perf 1 uorooxyal kyl ene 
units, where R and R' fl like or different from each 

other, are -CF-j or ~ C 2 F 5* and m d ° d ° have such mean 
values as to comply with the abovesaid characteristics. 
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R 0(CF CF 0) (CF ,0) / CFO \ / CF-CF o\ R' 

t 2 2 n 2m/| \P/| 2 \ q f 




having a random distribution of the perf 1 uor ooxy a 1 ky 1 - 
ene units, where R f and R' either like or different 
from each other, are -CF 3> -C 2 F g or - C 3 F 7 » and m . n » 
p, q have such mean values as to comply with the above- 
said characteristics. 
R^O f CF-CF„0 \ R ' r 

\ n f 



c r « 




where R f or R ' ; i k e or different from each other, 

' C 2 F 5 ° r " C 3 F 7 £nd n has such a value as to comply 
with the cbovescic characteristics, 

f 2 2 n r 
where R f anc R' f , like or Afferent from each otner, 

are "^^3' "^2^^ and n haS 5uch a m ^ an value as to com- 
ply with the abovesaiti characteristics. 

R*Q(CF o CF_0) R ' . 
t 2 c n t 

where R f and R ' f - , like or different from each other, 
are -CF 3 or '^^^ or n having such a mean value 

as to comply with the abovesaid characteristics. 
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7 CF 
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c - o 
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i f I f 
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and 



/ CF. 

/ i " 



V 



1 " 
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/ n 



where ?: 



£ r or oer: :ucroaiKv. 



ar.c n _ 



: rem e c 



arc r. has such me ar. 



. c meez - h e aCO\'6S2: 



cr.arac 



orcco.-s a c ? o r c i n £ 



ta: 



■ *■) o c 1 a ^ - o ■ 



:ie Dei 



; a v i n i 



an ac ic end grc ip . 

The process according :o any one of claims 1 :o 3- wherein 
C-F,. is cooclvmerized with CF- in such a ratio as to 
obtain a copolymer containing from 7 to 27% by weight of 

C 3 F 6- 

Polymers and copolymers of fiuorinated monomers 
obtainable by the polymerization process of any one of 
claims 1 to 4 . 
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